Cuthbertson & Tompsett (1935) . The changes after acute infection were extensively investigated by Belfrage (1963) , and the electrophoretic pattern of acute infection was described by Sunderman (1964) . Our knowledge of changes in plasma proteins in injury and disease has been extensively reviewed by Owen (1967) .
General factors affecting the concentration of plasma proteins Several causes of changes in the concentrations of plasma proteins can be distinguished.
Although there are increases in fibrinogen, alphal-antitrypsin and caeruloplasmin and decreases in albumin during pregnancy (Ganrot, 1972) and in women taking certain contraceptive pills (Laurel1 et al. 1968), the lack of an increase in CRP in these situations suggests that an acute-phase response does not normally accompany pregnancy and that oestrogens and progestagens may influence the concentration of certain plasma proteins, inducing changes in some ways similar to those of the acute-phase response. Severe hypoalbuminaemia not directly due to an acute-phase response occurs in nephrosis and protein-losing enteropathy. Simple physiological causes of changes in plasma proteins were reported by Bohme (1911) : plasma protein concentration decreases by 15% within about 30 min of lying down relaxed after standing up, and increases with exercise, paralleling the increase in blood pressure. These changes were subsequently confirmed as being due to changes in the distribution of body fluid leading to changes in plasma volume (Thompson et al. 1928) .
A recent summary of the factors influencing the concentration of plasma proteins and methods of investigating their metabolism and distribution is available (Fleck, 1985) . 1985~). In contrast, the decreases in the negative acute-phase proteins occur immediately on injury (Myers et al. 1984) (Fig. 1 ). This implies that at least two mechanisms may be involved. Positive acute-phase protein response. Kampschmidt et al. (1973) and Wannemacher et al. (1975) described the preparation and properties of a supernatant fraction from activated leucocytes which they termed leucocyte endogenous mediator which could induce the synthesis of acute-phase proteins in rat liver and changes in RNA synthesis. The active component was a peptide of about 14 OOO molecular weight (Kampschmidt, 1981) . The preparation could induce pyrexia in animals and thus contained endogenous pyrogen (EP). It could also activate lymphocytes, i.e. showed lymphocyte activating factor activity, and was later designated interleukin-1 (IL-1) (Dinarello, 1984) . A few years later the amino acid sequence of IL-1 was determined and synthetic preparations of recombinant IL-1 became available for study (Auron et al. 1984; Lomedico et al. 1984; March et al. 1985) .
Studies on other polypeptide cytokines including tumour necrosis factor (TNF) and hepatocyte stimulating factor (HSF) were being carried out in parallel with the investigations of properties of IL-1. When the effects of IL-1, TNF and HSF have been studied using either cultures of hepatocytes or human hepatoma cell lines it has become clear that only HSF induces the full acute-phase response (Koj et al. 1984 (Koj et al. ,1987 , and that IL-1 and TNF lead to increased synthesis of only a few, and not the major, (i.e. CRP and serum amyloid A in man) acute-phase proteins.
Recently Gauldie er al. (1987) , using both human hepatoma HepG2 cells and rat hepatocytes, showed that interferon B2 which is identical with B-cell stimulatory factor type 2 and has been referred to as interleukin-6 (IL-6), regulates the major acute-phase protein response of the liver.
In our own studies (Myers & Fleck, 1988) we confirmed that the delay of about 8 h after injury before increases in the concentrations of acute-phase proteins were detectable in man, and in experimental rats and mice, could be reduced to 2 h in mice by injecting a preparation of leucocyte endogenous mediator. Injecting a preparation of the supernatant fraction from a B-cell lymphocyte cell line intravenously into patients induced rigors in 15-30 min and increases in CRP within 6 h (Myers, 1987) . We suggested (Myers & Fleck, 1988 ) that such observations were consistent with a sequence of steps. These could include the release of a series of cytokines by various cells including IL1, leading to the release of IL-6. More recently, however, Shenkin et al. (1988) have shown that increases in IL-6 activity can be detected within 1 h of the skin incision at the beginning of a surgical operation. Our understanding of the mechanisms of the induction of the increased synthesis of the positive acute-phase proteins is still incomplete.
Negative acute-phase response. In a moderate or severe injury the concentrations of albumin, transfemn, retinol-binding protein and pre-albumin fall immediately (see Fig.  1 ). The concentration of albumin is usually lowest about 5 d after injury (Ballantyne & Fleck, 1973a) . Less severe injury, however, may not lead to detectable changes in albumin concentration.
The pattern of change is similar during infections (Belfrage, 1963) . These early changes are most likely to be due to changes in the distribution of fluid and plasma proteins in the body, rather than to immediate changes in synthesis or catabolism of the protein.
The fractional (i.e. the fraction of the intravascular pool) rates of catabolism and synthesis of albumin are O-l/d or 10%/d, whereas the fractional exchange with the tissue spaces is 1.2/d or 120%/d (Rossing, 1967) . Consequently a relatively small increase (e.g. 10%) in the exchange of albumin with the tissue spaces could lead to a fall in albumin concentration greater than that caused by complete inhibition of synthesis. Although the fractional rate of synthesis of pre-albumin is about 59%/d, its rate of exchange with tissue spaces is 190%/d (Vahlquist et al. 1973) , i.e. about three times the fractional rate of synthesis and catabolism, so that increased exchange of pre-albumin with tissue spaces is also likely to be a significant factor in its decrease in concentration after injury.
There are several possible mechanisms which could lead to an increase in vascular permeability (Casley-Smith, 1980) which is the most likely cause of the observed prompt decrease in the concentrations of the negative acute-phase proteins. As soon as tissue is damaged the release of cell contents leads to the stimulation of leucocytes, macrophages and mast cells with, in turn, the release of cytokines such as IL-1, IL-2 and TNF.
The 'contact system' (Cochrane & Griffin, 1982 ) may also be activated, which leads to the activation of the clotting cascade and the local release of bradykinin which may induce marked increases in vascular permeability. TNF may also cause increased vascular permeability (Beutler & Cerami, 1987) .
Several components of complement when activated, e.g. C3a and C5a (McPhaden & Whaley, 1985) , are also known to be very vasoactive, inducing increased vascular permeability.
Thus, although the actual mediators of increased vascular permeability after injury in man may not yet be known, evidence is accumulating that several very vasoactive substances are likely to be present at various stages after injury, and some (e.g. TNF) will be in the circulation within a few minutes. Some of the factors which could affect the metabolism and distribution of plasma during inflammation are illustrated in Fig. 2 .
A more direct method of assessing the extent of loss of albumin to the tissue spaces than simply measuring its concentration is available. This is known as the transcapillary (or transvascular) escape rate (TER) (Parving & Gyntelberg, 1973) . It is readily determined in 1 h after injecting an undenatured preparation of human albumin labelled with a radioactive isotope of iodine (usually lUI). We have shown that TER is increased by up to 300% in patients in septic shock (Fleck er al. 19856) and is also increased in patients with various cancers (Raines et al. 1982) . There is thus direct evidence of increased loss of albumin to the tissue spaces in these conditions. There is also considerable evidence that the catabolism of albumin is increased after severe injury (Ballantyne & Fleck, 19736;  Davies, 1982) and that some cytokines, including IL-1, inhibit albumin synthesis (Mackiewicz et al. 1988) . The changes in the rates of catabolism and synthesis of albumin after injury w i l l influence total body albumin in the same direction, i.e. decrease, and although the effects on albumin concentration are unlikely to be observed within the lint 24 h of an injury, if prolonged, would significantly delay the recovery of albumin concentration to normal.
Some years ago we showed that injury led to decreased synthesis of albumin in experimental rabbits (Ballantyne er al. 1973) but not in rats (Caine, 1971) .
It should be noted that the injuries were different and of differing degree. We also found a wide range of rate of albumin synthesis in patients in septic shock, from very low to significantly increased, despite the fact that all patients were receiving parenteral nutrition at the time of study ).
Nutrition and plasma proteins
After a few days of total starvation with free access to water the concentration of albumin and total protein is significantly increased, whereas the concentration of retinol-binding protein is decreased (Broom et al. 1986 ).
Prolonged protein-energy depletion in man sufficient to yield a decrease in bodyweight of 25% led to only a 7% decrease in concentration of albumin (Keys et af. 1950) . When the increase in plasma volume is taken into account there was no change in the amount of albumin in the circulation.
Patients with anorexia nervosa do not have a low albumin concentration (Bentdal et al. 1988) . In contrast, experimental rats fed on a diet from which protein was omitted showed a gradual decrease in albumin concentration (Fleck & Munro, 1963) . In this group of animals protein depletion led to a marked decrease in albumin turnover, which was also noted by Hoffenberg et al. (1966) who suggested that both synthesis and catabolism of albumin were decreased by protein depletion.
Thus, since albumin concentration is influenced slightly, if at all, by protein-nergy depletion, but can be significantly decreased during the acute-phase response, albumin concentration should not be used as an index of nutrition in patients (for more detailed discussion, see Fleck, 1988a) .
There is increasing evidence that following changes in the concentration of proteins with rapid turnover such as retinol-binding protein and pre-albumin can be of value when attempting to assess the results of nutritional therapy in patients (Fleck, 19886) . It remains important, however, to note that these proteins are also affected by injury (see Fig. 1) .
The extent to which the synthesis of acute-phase proteins can be modified by nutrition is, as yet, not clear.
Increased acute-phase proteins, notably CRP, have been observed frequently in cachectic cancer patients, but my colleagues and I have not observed an increase in the concentration of CRP in such patients, or in patients with Crohn's disease, which we could reliably interpret as being in response to total parenteral nutrition estimated to meet the patients' complete requirements for energy and protein and which achieved gain in weight (Glynn et al. 1988) .
The possible effects of the acute-phase response and nutritional depletion on the immune response could be important clinically. Some depression of the immune response has been reported in patients after burning injury (Constantian, 1978) and after surgery (Cochran et af. 1972) . The suppression of the immune response after trauma has been suggested as being due to activation of suppressor T cells (Muster, 1976) .
In our observations on cell-mediated immunity (CMI) in patients with cancer we found that CMI was most severely depressed in patients with the lowest concentrations of albumin and highest concentrations of CRP (Nagendran et al. 1985a,b) .
Taking all the factors which could influence albumin distribution and metabolism and, thus, its concentration after injury, it is not surprising that albumin has been found to be a good indicator of prognosis (Anderson et al. 1984) .
During an acute-phase response it is likely that TNF, which is identical with cachectin, is released. In chronic conditions this may be a factor causing weight loss.
Also continued release of EP would be likely to lead to increased requirement for energy which if not met could also lead to loss of body tissue. Continued elevation of CRP in a patient is thus an indication of a continuing (or 'chronic') acute-phase response and is likely to be associated with cachexia.
The most appropriate treatment is to remove the cause of the acute-phase response
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Nutrition and infimmation 353 (e.g. tumour, sepsis, etc.) and it is the experience of many clinicians that cachectic patients do not respond well to appropriate nutrition until the pathology has been adequately dealt with.
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1. When assessing the significance of altered plasma protein concentrations the various physiological factors, including posture and hormones which affect the amount and distribution of fluid in the body and the synthesis and catabolism of plasma proteins, must be kept in mind.
2. Although several cytokines, including IL-1 and TNF, are implicated in the acute-phase response, recent evidence is that the synthesis of the major acute-phase proteins (e.g. CRP) is induced by IL6.
3. The positive acute-phase plasma proteins are useful non-specific indicators of tissue damage.
4.
When there is evidence of an acute-phase response (e.g. increased CFW), decreased concentrations of plasma proteins such as albumin, transfemn, retinol-binding protein and pre-albumin cannot be assumed to reflect malnutrition.
5 . Plasma albumin concentration can be a good indicator of prognosis.
